We present line profiles and profile parameters for the narrow-line regions (NLRs) of six Seyfert 1 galaxies with high-ionization lines: MCG 8-11-11, Mrk 79, Mrk 704, Mrk 841, NGC 4151, and NGC
The sample was chosen primarily
with the goal of obtaining high-quality [Fe VIII 26087 and, when possible, [Fe x] 26374 profiles to determine if these lines are more likely formed in a physically distinct "coronal line region" or are formed throughout the NLR along with lines of lower critical density (no,) and/or ionization potential (IP).
We discuss correlations of velocity shift and width with nor and IP. In some objects, lines of high IP and/or nor are systematically broader than those of low IP/ncr. Of particular interest, however, are objects that show no correlations of line width with either IP or n,. In these objects, lines of high and low IP/ncr are remarkably similar, which is difficult to reconcile with the classical picture of the NLR, in which lines of high and low IP/n, are formed in physically distinct regions. We argue for similar spatial extents for the flux in lines with similar profiles.
Here, as well as in a modeling-oriented companion paper (Paper II), we develop further an idea suggested by Moore & Cohen that objects that do and do not show line width correlations with IP/n, can both be explained in terms of a single NLR model with only a small difference in the cloud column density distinguishing the two types of object. Overall, our objects do not show correlations between the full width at half-maximum (FWHM) and IP and/or n,. The width must be defined by a parameter that is sensitive to extended profile wings in order for the correlations to result. In Paper II, we present models in which FWHM correlations with IP and/or n_, result only after simulating the lower spectral resolution used in previous observational studies. The models that simulate the higher spectral resolution of our observational study produce line width correlations only if the width is defined by a parameter that is more sensitive to extended profile wings than is the FWHM. Our sample of six objects is in effect augmented by incorporating the larger sample (16 objects) of Veilleux into some of our discussion. This paper focuses on new interpretations of NLR emission-line spectra and line profiles that stem directly from the observations.
Paper II focuses on modeling and complements this paper by illustrating explicitly the effects that spatial variations in electron density, ionization parameter, and column density have on model profiles. By comparing model profiles with the observed profiles presented here, as well as with those presented by Veilleux, Paper II yields insight into how the electron density, ionization parameter, and column density likely vary throughout the NLR.
Subject headings: galaxies: nuclei galaxies: Seyfert line: profiles
INTRODUCTION
One well-known observational feature of the narrow-line region (NLR) in Seyfert galaxies is the preponderance of blueward asymmetries in the emission-line profiles (e.g., Heckman et al. 1981; Whittle 1985a; Dahari & De Robertis 1988; De Robertis and Shaw 1990; Veilleux 1991a) . To account for the asymmetry, it is accepted in general that the NLR velocity field is mostly radial and that some source of opacity, most likely dust, is present. However, a consensus regarding the direction of cloud flow has yet to emerge because the blueward asymmetry can be explained qualitatively by either internal obscuration in the case of inflow or by external obscuration in the case of outflow (e.g., Capriotti, Foltz, & Byard 1981) . Another well-known observational feature of the NLR is that the full width at half-maximum (FWHM) of emission lines often correlate with ionization potential (IP) and critical density (n,) . This feature has been commonly used to argue for a velocity field increasing radially inward under 1 Center for Astrophysics and Space Sciences 0111, 9500 Gilman Drive, University of California, San Diego, La Jolla, CA 92093-0111.
2 Department of Astronomy, University of California, Berkeley, Berkeley, CA 94720. the assumption that lines of low IP/n¢r are emitted less efficiently (for fixed emitting mass) close to the central source than lines of high IP/n, (e.g., Osterbrock 1981 ; De Robertis & Osterbrock 1984 , 1986 , Whittle 1985b Appenzeller & Ostreicher 1988; De Robertis & Shaw 1990; Veilleux 199 lb) .
By comparing the FWHM of [O I] 26300 to that of [S n] 26716 in Seyfert galaxies, and by comparing the FWHM of [O In] 24363 to that of [O In] 25007 in Seyfert 2 galaxies (in which there is little or no contamination from broad Hy and/or Fe II emission), we have argued that the correlations are best interpreted as fundamentally with ionization potential rather than with critical density (Moore & Cohen 1994, hereafter MC) . We also proposed a new interpretation that these correlations are a column density effect, in which case the correlations are also consistent both with constant ionization parameter and with velocity increasing outward. As we pointed out in MC, line width is correlated with neither critical density nor ionization potential in some objects. In these objects, the similarity between profiles spanning a broad range of ionization potential and critical density is inconsistent with a scenario in which lines of low and high IP/n, are formed in physically distinct regions. The [Fe vn] 26087 and [Fex] 26374 lines, whichareverysensitive to ionization parameter (MC),areparticularly important in thisregard, andweemphasize these lines here. In § 3, wepresent a sample of narrow-line profilesin intermediate Seyfert galaxies. Thesample waschosen with thegoal ofobtaining high-quality [Fevii] 26087 and, when possible, [Fe x] 26374profiles. The sample consists of MCG8-11-11, Mrk 79,Mrk 704, Mrk 841, NGC4151, and NGC5548.
Wediscuss brieflydetails of theobservations andofthe datareductionandprofileextractionin §2. In §3, we discuss general implications fortheNLRoflineprofilefeatures. Thisdiscussion is based on previous observational studies aswell ason our own.It will beuseful to have already highlighted thosegeneral features of NLRspectra thatdiscriminate best between different NLRmodels when wediscuss ourspectra andprofiles. In §4 wediscuss specific implications ofourdataforNLRmodels. Thisdiscussion is facilitated by references to models presented in a companion paper (Moore& Cohen1996, hereafter Paper II). The most constraining feature oftheobserved lineprofiles is the similarity insome objects oftheprofiles oflines correspondingtoa widerange ofIP/ncr, andwithverydifferent sensitivitiesto ionization parameter. In §5,weconfirmfor our sample thewell-known correlations of velocityshiftand widthwithIP andn,. However, our sample, which includes one contradictory object (NGC 5548), is too small to confirm by itself the conclusion of MC that the correlations are fundamentally with ionization potential rather than with critical density. Finally, we summarize our results in §6.
DATA ANALYSIS

Observations and Reductions
Observations were made with the 200 inch (5.08 m) Hale telescope and double spectrograph (Oke & Gunn 1982 ) on six nights in 1983 and on a seventh night in 1984. The double spectrograph incorporates a dichroic beam splitter to cover approximately 3100-5200/k on the blue side and 5200-11000/_ on the red side. The blue side had an RCA 320 x 512 CCD with 30/_m pixels, which corresponds to a spatial scale of 0':8 pixel 1. One DN (count) corresponds to 6 photoelectrons, and the readout noise was 8 DN pixel-1.
A 1200_mm-1 grating blazed at 4700 A yields a dispersion of 1.09 A pixel i at 3500/_ (200 km s-1 FWHM).
The red side had a TI 800 × 800 CD with 15/_m pixels, which corresponds to a spatial scale of 0':6 pixel 1. One DN corresponds to 2 photoelectrons, and the readout noise was 5 DN pixel 1. A 1200 g mm-1 grating blazed at 7100._, yields a dispersion of 0.82 /_ pixel I at 6300 /_ (75 km s-1 FWHM The orientation of the CCD was skewed slightly with respect to the grating rulings, resulting in a shift in the centroid of the spatial profile of about 3 pixels over the length of the spectrum.
The spectrum was extracted from a symmetric window, typically 6 8 pixels wide, centered on a parabolic fit to the centroid curve. The extraction included interpolation to allow for fractional pixels. The size of the window used for spectral extractions was chosen to be roughly the apparent full width at zerointensity of the spatial profile of the nuclear continuum. Observations were acquired under a range of atmospheric seeing conditions as follows. Spectra of MCG 8-11-11 were acquired under 3" 4" seeing. Spectra of Mrk 79 were acquired under 1':5 seeing. Separate spectra of Mrk 704 were acquired under 1", 1':5, 2", and 4"-5" seeing. Spectra of Mrk 841 were acquired under 1'.'5 and 3" seeing. Separate spectra, covering the same wavelength region, of NGC 4151 were acquired under 1':5 (Fig. 5a ), and 4"-5" (Fig. 5b) Offsets between the wavelengthcalibrated object spectra and those of the night sky were of the order of 0.2 Ain scans with night-sky lines strong enough to permit a reliable comparison.
The absolute accuracy could be better than 0.2 A because this is roughly the precision with which the centroids of night-sky lines can be calculated.
After extracting each spectrum and correcting for atmospheric extinction, the spectrum of a standard star was used to flux calibrate the object spectrum.
Occasionally an emission line of interest is close in wavelength to an atmospheric absorption feature. To correct for the feature, we used a transmission curve derived from a normalized standard star spectrum, in which the depth of the absorption was determined empirically by comparing the depths of the absorption troughs in the object and standard star (which were observed at slightly different air mass with the same grating tilt or because spectra overlapped enough in wavelength to include a common emission line. Such scans were averaged weighting by (S/N) 2, where the signal-to-noise ratio (S/N) in each spectrum was determined empirically from the rms scatter about a low-order polynomial fit to a featureless part of the continuum.
Profile Extraction
We chose the limits of each emission line by visual inspection and subtracted a polynomial fit to a featureless part of the adjacent continuum.
The profiles were then placed on a velocity scale. Small heliocentric corrections were applied to the velocities as appropriate. In the ideal case, the zero point of the velocity scale corresponds to the recessional velocity of the NLR center of mass. The least subjective estimate of the NLR center-of-mass velocity is that of 21 cm radiation.
We The Hfl profile was used merely as a guide for the "continuum placement."
An atlas of the line profiles extracted from the reduced spectra is given in Figures 1-6 . All the profiles presented here are normalized to the peak. Lower resolution studies, in which a large spectral range was obtained on a single night, resulted in more reliable relative flux estimates than did our own study. We include these relative flux estimates in Table 1 . The dereddened emission-line fluxes for MCG 8-11-11, Mrk 79, Mrk 704, Mrk 841, and NGC 5548 are from Cohen (1983) , and those (not corrected for reddening) Before discussing interpretations of the line profiles, we summarize some important characteristics of NLR model profiles that should not be overlooked.
The basic goal is to provide interpretations that stem directly from the observed profiles to the extent possible, with only minimal reference to specific models. The most important premise is that the preponderance of blueward asymmetry constrains the highest velocity clouds to move mostly in the radial direction and precludes the presence of a broad distribution of velocities at each radial coordinate, r (asymmetric distributions of gas would produce red and blue asymmetries with equal likelihood).
Neglecting obscuration, a spherical shell of delta function-emitting clouds moving radially with velocity Vo yields a boxcar profile with half-width Vo. As can be inferred directly by visual inspection, replicating the observed profiles requires that either boxcar profiles with a range of velocity width must be superposed, or else assumptions such as purely radial cloud flow or a spherical NLR must be relaxed.
In MC we showed that the profile wings are not sensitive to either the orientation or the opening angle of a biconical line-emitting structure (with the caveat that the velocity field is renormalized appropriately when the line of sight falls outside the biconical structure), even though the profile core is. In Moore (1994 Moore ( , 1995 , it is demonstrated that the blue wing is not very sensitive to details of the obscuration, whether internal or external to the emitting clouds. Thus, it is possible to interpret the blue wings readily in the context of a simplified model NLR even though collimated emission and obscuration are likely present. This point is worth emphasizing because it follows then from the absence of a broad distribution of cloud velocities at each r (see above)
that the range in height and in velocity width of boxcar profiles that must be superposed to replicate the observed blue wings relates directly to the spatial dependence of the line emission.
For lines that are useful diagnostics of electron density (ne), column density (Ncoj), and/or ionization parameter (F), the spatial dependence of the line emission in turn corresponds directly to how ne, Nco_, and F vary spatially throughout the NLR. The effects of spatial variations in he, Nco _, and F are discussed qualitatively when we discuss the profiles of individual objects. The effects are illustrated more explicitly (though less independent of detailed modeling) in Paper II.
It is an observational fact that, in some objects, line profiles of high and low IP have very similar blue wings (see the discussion in MC as well as the profiles presented in § 3 and in Veilleux 199 la). It follows that if the velocity field is at all close to monotonic, then there is emission into lines of both high and low IP at each r, which could arise in either of two scenarios.
The first possible scenario is that individual clouds are stratified in ionization.
The second possible scenario is that there is a broad distribution in the electron density of unstratified clouds and, therefore, in F at each r. Because the applicability of the first scenario is fundamental to our detailed modeling (Paper II) and to several of our conclusions, we outline here why we believe the first scenario applies. We note, however, that work favoring the second scenario is underway (Komossa & Schulz 1994; Tsvetanov et al. 1994) . Our arguments for stratified clouds are as follows:
1. Clouds of very different ne, but at the same r, cannot all be pressure confined. Because the equilibrium temperature of photoionized gas varies only slightly with n e (MC), there is a narrow range of n_ at each r that can be in pressure equilibrium either with the intercloud medium (ICM)or with a magnetic field.Because thecloudexpansiontimescale is a smallfractionof the crossing time,a broaddistribution ofne at each r would require that clouds are continually created and destroyed (this has been suggested for broad-line region [BLR] clouds based on a stability analysis [Krinsky & Puetter 1992] to account for the striking similarity in the profiles of different lines in some objects, this exceedingly contrived scenario requires that the variation of emission-line flux with projected velocity is virtually identical for lines in which the variation of flux with r is very different. 4. While lines of high and low IP/n, are very similar in some objects, the high IP/n, lines are systematically broader in other objects. Both types of objects would not be explained naturally by a broad distribution in n_ and F at each r. Actually, both types of objects are also not easily explained in the classical picture of the NLR in which the highest velocity clouds are at small r, where lines of low n, are collisionally suppressed, resulting in systematically narrower low n, lines. To explain both types of objects in the classical picture of the NLR, the two types of objects must differ in the maximum ne by several decades, which is the relevant range of n,. In Paper II, we present models in which line width correlations are a natural consequence of outward acceleration and of Ncolocr -4/3, the latter resulting from spherical clouds of constant mass and with constant ionization parameter. In these models, objects in which the low-ionization potential lines are broad and narrow differ in N_oI by factors of only order unity.
sion. Clearly, from the apparent extent of the blue wing in Figure la , there are clouds with v _ -1000 km s-1 appreciably emitting 23726. The critical density of this line is 3 x 10 3 cm -3, so the electron density of the v _ -1000 km s -1 clouds emitting 23726 does not greatly exceed 104
As is the case with the profiles of Veilleux (1991a) , the presence of a substantial velocity gradient across the NLR can be inferred by visual inspection of the profiles. In particular, note that a similar range of radial velocity can be inferred for all the profiles shown in Figure 1 (i.e., for each of the profiles, a substantial range in velocity width of boxcar profiles must be superposed to replicate the blue wing). In the absence of a broad distribution of cloud velocity at each r ( § 3), the similar range of radial velocity corresponds to similar spatial extents for the line emission.
In 
MCG8-11-11
The profiles extracted from MCG 8-11-11 spectra are plotted in Figure  1 . We used the [O I] 26300 line rather than [O m] 335007 to estimate the systemic velocity of this object because 336300 is more symmetric than 335007, and an asymmetric profile yields an underestimated systemic velocity due to obscuration effects. We used the centroid rather than the peak because the peak of [O I] 336300 is fairly flat-topped, so the peak location is ambiguous. The [O IX] 333727 profile is a composite of the doublet, 333726+333729, corresponding to a separation of 217 km s-1. The blue wing of 333727 arises mostly from 333726 emis-
Mrk 79
The profiles extracted from Mrk 79 spectra are plotted in Figure  2 . We have presented the profile of I-S Ix] 26731 rather than that of I-S II] 336716 because the latter is badly corrupted by the B-band absorption feature. The I-Fe x] 336374 profile is of such poor quality that almost nothing can be said about the NLR based on this profile except that there are [Fe x] 336374-emitting clouds with v ,,_ -1000 km s-1 and that there is some range of(radial) velocity sampled by the 336374-emitting clouds because the profile is not a single boxcar profile. However, 26374 is so sensitive to ionization parameter (MC) that even this small piece of information is useful and implies that the ionization parameter is roughly constant over whatever range of velocity can be 
4.3.Mrk 704
The profiles extracted from Mrk 704 spectra are plotted in Figure 3 here owing to the low quality of these profiles. The effect is that a width parameter defined in the wings is 
Mrk 841
The profiles extracted from Mrk 841 spectra are plotted in Figure 4 
NGC 4151
The profiles extracted from NGC 4151 spectra are plotted in Figure 5 . We include two profiles (Figs. 5a-5b (Penston et al. 1984) . We see no compelling evidence of variability in the profiles here (of course, our time baseline is much smaller than the 3 year baseline of Penston et al.) .
As profiles also render the sample unrepresentative of Seyfert 1 galaxies in general. The forbidden Fe line strengths of NGC 4151 are more representative of a typical Seyfert 1 galaxy than those of Mrk 704. We were able to extract reliable ).6087 and ).6374 profiles of NGC 4151 because our spectra have high S/qN due to this object's brightness.
Of the six objects in our sample, the ).6087 line of Mrk 704 is the strongest relative to Hfl (0.87), while that of NGC 4151 is the weakest (0.07). The object in our sample with the strongest 26087 line and an object that is representative in its ).6087 line strength of a typical Seyfert 1 galaxy have virtually identical profiles, which suggests that the density and velocity profiles throughout the NLR are very similar in both objects. That is, we do not infer any important differ- Whittle (1982 Whittle ( , 1985a ) with a slight modification in the wings to allow for pixels that have negative flux after continuum subtraction.
In Table 2 and Figures 8-13 , we present correlations involving the Whittle parameters, critical density, and ionization potential. We have chosen the median velocity, V(50%), and the interpercentile velocity width at 20%. The later is defined in Whittle (1982 Whittle ( , 1985a as IPV (20%) = a + b, where a is the velocity (relative to the median) such that 10% of the total profile flux is blueward of a (see Fig. 7 ). Analogously, 10% of the total profile flux is redward of b. To be consistent with other studies, we have included analysis and discussion of emission-line blueshift. However, the sensitivity of the blueshift to details of the obscuration mechanism, which is poorly constrained, complicates the interpretation (see also Moore 1994 Moore , 1995 . Therefore, we emphasize the line widths, because their correspondence to NLR kinematics is more direct than the blueshifts.
For reference, we have also included in Table 2 the value   of the IPV and asymmetry functions averaged between 20% and 80% (IPV_vg and Aavg), the asymmetry function at 20% (A[20%] ), and the kurtosis of the profiles. The asymmetry function is defined in Whittle (1982 Whittle ( , 1985a as
The asymmetry function is positive for blueward extension and negative for redward extension.
The kurtosis is defined in Whittle (1982 Whittle ( , 1985a For possible future reference, we present six additional profile parameters in Table 3 . The velocity of the peak and centroid are Vp,ak and Vce,t,oia. The remaining parameters are widths as follows. The rms velocity is V_m , -((v z) -(v)2) 1/2. The full widths at ¼, ½, and ½ of the peak intensity are FW¼M, FW½M, and FWHM, respectively. All the parameters of Table 3 are in units ofkm s-1. As an additional reference, we have also tabulated those emission lines we have analyzed together with their critical density and ionization potential in Table 4 . As is conventional, we define the ionization potential as the arithmetic mean of the two successive stages of ionization.
In Figures 8-13 , we plot V(50%) and IPV(20%) in units of km s-1 versus the log of no, in units cm-3 and versus IP in eV for all six of our objects. (Fig. 9 ).--It appears that the highest critical density lines are blueshifted relative to the low critical density lines (Fig. 9a) . Note, however, that these lines have high IP and that [O I] 26300 is associated with the lines of low-ionization potential rather than with those of high critical density. Although a correlation with n, is apparent visually, to interpret Figure 9a as a correlation of V(50%) with n,, we must suppose that V(50%) is roughly constant over four decades in critical density and then changes rapidly over an additional factor of order unity in n,. For IPV(20%), 26300 lies off the correlation on the critical density plot (Fig. 9c ) but follows the correlation on the ionization potential plot (Fig. 9d) . The values of R/P., n are -0.64/0.08 for V(50%) versus n,, -0.79/0.02 for V(50%) versus IP, 0.83/0.02 for IPV (20%) versus he,, and 0.84/0.01 for IPV(20%) versus IP, respectively.
Mrk 704 (Fig. 10 ).--On the V(50%) correlation, the [O ] ] line fits on both the n, and the IP relations.
On the IPV plot, the [O I] line fits well on the IP correlation and falls out of place on the n, correlation.
The values of RIP., n are -0.79/0.01, 0.61/0.08, -0.82/0.006, and 0.58/0.10. Mrk 841 (Fig. 11) In our previous discussion, we have assumed that all Seyfert NLRs are fundamentally similar and can be described by models differing only in, e.g.,
Ncol/Nmin
at Vmi°-Although the line profiles (especially thai of [Fe x] 26374 ) are similar to the profiles of the other objects in our sample, the correlations suggest an NLR with fundamentally different kinematics.
In MC, we suggested that at 5/k and 10/k resolution, 24363 line widths may have been systematically overestimated in Seyfert 1 galaxies because of difficulties in deblending from the broad and narrow components of Hy. Even with our higher resolution. we may be subject to the same effect as well. However, the
